Abstract. Non-small cell neuroendocrine carcinomas (NSCNEC) account for 2% of gynecological cancer cases and are associated with a poor prognosis due to delayed diagnosis and aggressive tumor behavior. BRCA2-associated ovarian carcinomas predominantly possess a high-grade serous phenotype, which respond to platinum and targeted therapy with PARP inhibitors. Presented here is the case of an adult patient with NSCNEC of the ovaries associated with a deleterious BRCA2 germline mutation. The pathogenic mutation was also confirmed on the somatic level, while the wild-type allele had a high variant fraction, suggesting loss of heterozygosity. To the best of our knowledge, this is the first report of an adult BRCA2 germline mutation carrier with the rare NSCNEC of the ovary phenotype. Therefore, ovarian cancer patients with histological subtypes other than high-grade serous carcinomas should be tested for BRCA1/2 mutations, as they may benefit from targeted therapy with poly (ADP-ribose) polymerase inhibitors.
Introduction
BRCA2 mutation carriers have an increased risk (11-17%) of developing ovarian cancer (1, 2) . The typical phenotype of BRCA2-associated ovarian cancer is a high-grade serous papillary carcinoma (3) (4) (5) (6) . The tumor suppressor genes BRCA1/2 serve a pivotal role in the process of homologous recombination (HR) repair of double-strand DNA breaks (7, 8) . The more promising prognosis of BRCA-associated ovarian carcinomas is considered to be due to favorable responses to a DNA-damaging treatment regimen containing, such as with carboplatin (9) . Another targeted therapeutic option for patients with BRCA-associated high grade serous ovarian cancer is the poly (ADP-ribose) polymerase (PARP) inhibitor olaparib, which has recently been approved by the US Food and Drug Administration and the European Medicines Agency. PARP-1 is a key enzyme involved in the repair of DNA single-strand breaks. In the absence of PARP activity, these lesions are converted into double strand breaks. BRCA-deficient cells are unable to repair this damage by HR and accumulate unrepaired breaks, resulting in apoptosis (10) (11) (12) .
Tumors of the diffuse neuroendocrine cell system may arise in the vulva, vagina, cervix, endometrium or ovary (13) , and account for only 2% of gynecologic cancer cases (13) . Non-small cell neuroendocrine carcinomas (NSCNEC) of the ovary, also known as large cell neuroendocrine carcinomas, are rare. To date, the Society of Gynecologic Oncology has reported only 35 cases (14) . NSCNEC is associated with a poor prognosis due to late presentation and aggressive behavior (15) . Hitherto, only one case of a poorly differentiated mediastinal neuroendocrine carcinoma in a pediatric patient with a germline mutation in BRCA2 has been published with a loss of heterozygosity (LOH) involving the normal allele in tumor tissue (16) .
Herein, a case of an adult patient with a background of familial breast cancer suffering from a rare phenotype of NSCNEC of the ovary is presented. Germline and tumor mutation analysis were performed using the TruRisk ® gene panel. A deleterious germline mutation in the BRCA2 gene was subsequently diagnosed in both germline and tumor tissue, while the wild-type allele was rarely detected in tumor tissue, suggesting LOH. Furthermore, a somatic mutation in TP53 was detected, which is typical for BRCA-associated tumors. The current case report also reveals that histologic subtypes other than high-grade serous ovarian cancer are associated with BRCA1/2 mutations in germline and tumor tissue, and thus may benefit from PARP inhibitor therapy.
Case report
A post-menopausal, 75-year-old female patient was diagnosed with a solid tumor mass of the right ovary of 7 cm in Non-small cell neuroendocrine carcinoma of the ovary in a BRCA2-germline mutation carrier: A case report and brief review of the literature December 2013 at the Department of Gynaecology of the Vinzenz Pallotti Hospital in Bergisch Gladbach, Germany. According to the medical history, the patient (gravida 2, para 2) underwent a vaginal hysterectomy at the age of 37, and an appendectomy later on. Pre-operative tumor markers were as follows: Cancer antigen (CA)-125 was elevated to 63.4 U/ml (normal <35 U/ml); carcinoembryonic antigen, CA 19-9 and CA 72-4 were within the normal range. Laparoscopy revealed a suspect tumor. Initial laparoscopy was converted to a debulking surgery according to S3-guideline on the diagnostics, therapy and follow-up of malignant ovarian tumors (17) .
Abdominal bilateral salpingo-oophorectomy, omentectomy, and deperitonealisation of the pelvis were performed, as well as a pelvic and paraaortal lymphonodectomy. An atypical liver resection was performed due to metastases. Ethical approval was provided by the Ethics Committee of the University of Cologne (Cologne, Germany). The tumor measured 13x7x6 cm and weighed 290 g. The final histological analysis revealed an NSCNEC of the ovary. According to the International Federation of Gynecology and Obstetrics and the NCCN Guidelines, the tumor is classified as pT3, pN1, M1, FIGO Stage IV (18, 19) . The diagnosis of the local pathologist was verified by a reference pathologist of the Institute of Pathology Marburg/Wiesbaden. Immunohistochemical staining was positive for synaptophysin and CDX2; chromogranin A was partially positive; the cells were negative for cytokeratin (CK) 20 and thyroidal transcription factor 1. Examination of proliferative activity using monoclonal antibody MIB-1 (antigen Ki-67 index) revealed nuclear positivity in ~90% of tumor cells and dot-like expression patterns of CK 8/18. Immunohistochemical staining confirmed positive stains for synaptophysin and CD56 (Fig. 1) .
Postoperative gastroscopy and colonoscopy, as well as computer tomography of the thorax and abdomen, revealed no evidence for a second primary cancer and no further distant metastases than in the omentum and in the liver, which had been successfully resected. After surgery, the patient underwent chemotherapy with two cycles of etoposide and carboplatin, followed by paclitaxel and carboplatin. The healing process was prolonged by wound healing complications treated with vacuum sealing, and a subileus. The patient was treated for neutropenia and nosocomial pneumonia. Until December 2016, there were no signs of recurrent disease.
The patient had a familial history of breast cancer according to the inclusion criteria of the GC-HBOC (20) . A three-generation pedigree was drawn and phenotypes were documented. The patient's mother and three aunts were diagnosed with breast cancer at the ages of 62, 60, 79 and 61 years, respectively. The maternal female cousin was diagnosed with breast cancer at the age of 57. As the person with the earliest onset of breast cancer, she was considered the index case within the family. The only uncle was diagnosed with prostate cancer at the age of 65 as well as one of the patient's three brothers (Fig. 2) .
The pattern of breast and prostate cancer suggested the presence of a dominantly inherited cancer susceptibility gene. Following genetic counseling and the provision of informed consent, the female cousin, as the index case, and the primary patient of the present study agreed to genetic testing. Written informed consent was obtained from the patients in accordance with the Declaration of Helsinki. Blood samples were collected within the Center for Familial Breast and Ovarian Cancer, University of Cologne (Cologne, Germany); the local pathologist at the Institute of Pathology of the Vinzenz Pallotti Hospital in Bergisch Gladbach, where initial surgery was performed, provided tumor tissue. Genomic DNA was isolated from venous blood samples and tumor tissues. DNA extraction from blood samples was performed by an automated high-throughput nucleic acid isolation method based on proprietary M-PVA magnetic bead technology (Chemagic™ MSM I instrument; Chemagen; PerkinElmer, Inc., Baesweiler, Germany) according to the manufacturer's instructions. DNA was quantified using a NanoDrop spectrophotometer ND-1000 and NanoDrop 100 3.7 software (NanoDrop; Thermo Fisher Scientific, Inc., Wilmington, DE, USA). DNA extraction from formalin-fixed, paraffin-embedded (FFPE) material was performed with a Maxwell ® 16 FFPE Plus Tissue LEV DNA Purification kit (Promega Corporation, Madison, WI, USA) on the Maxwell ® 16 (Promega Corporation). According to the manufacturer's instructions, 10 µm thick tissue sections were cut from the FFPE blocks. Following deparaffinization, tumor areas were macrodissected from the unstained slides using a sterile scalpel. A previously marked hematoxylin and eosin stained slide served as the reference. The samples were screened for gross genomic aberrations in the BRCA1/2 genes by Multiplex Ligation-dependent Probe Amplification (MLPA) using the SALSA ® MLPA ® probe mixes P002 (BRCA1) and P045 (BRCA2; MRC-Holland, Amsterdam, The Netherlands), according to the manufacturer's protocol. Data were analyzed using the Coffalyser.Net v.140429.1057 software (MRC-Holland). For next generation sequencing, a customer-tailored multigene panel (TruRisk ® ; Agilent Technologies, Inc., Santa Clara, CA, USA) was employed, covering BRCA1, BRCA2 and further non-BRCA1/2 cancer predisposition genes, using the SureSelect XT Target Enrichment for Illumina Paired-End Multiplexed Sequencing protocol according to the manufacturer's instructions (Agilent Technologies, Inc.) optimized for 200 ng genomic tumor DNA and 3 µg genomic blood DNA. Sequencing was performed on a 
Results
In the current case, a heterozygous germline mutation, BRCA2 exon 17, c.7976G>A, p.(Arg2659Lys), was identified in the family's index case, the female cousin diagnosed with breast cancer at the age of 57. The mutation was classified as >99% pathogenic (class 5) according to the IARC system (21) and functional analyses of the Evidence-based Network for the Interpretation of Germline Mutant Alleles consortium, which comprises genetic data of the GC-HBOC database (20, 22) . The patient with NSCNEC was identified to be a heterozygous carrier of the family's pathogenic germline mutation in BRCA2. No further pathogenic germline mutations were identified using the TruRisk ® genepanel. Somatic mutation analysis in our patient revealed a deleterious somatic mutation in TP53, c.600delT, p.(Leu201Cysfs*46). The variant fraction of the known germline mutation in BRCA2 exhibited a marked increase from 47% (412/876 reads) in germline to 83% (198/238 reads) in tumor tissue, suggesting a LOH.
The subsequent Sanger sequencing of the tumor-derived DNA confirmed the loss of the wild-type allele. Predictive testing and genetic counseling regarding preventive measures were offered to the male and female relatives of the patient. Written informed consent was obtained from two healthy sisters in accordance with the Declaration of Helsinki, they turned out to be predictive negative for the germline mutation (Fig. 3) .
Discussion
The case presented here is, to the best of our knowledge, the first case of an adult NSCNEC of the ovary associated with a deleterious germline mutation in the BRCA2 gene. The patient is a 75-year-old female who underwent surgery and adjuvant chemotherapy for a unilateral NSCNEC of the ovary without surface epithelial components. The last follow up appointment was in December 2016 and the patient remained alive without any evidence of recurrent disease. She is currently being monitored within the regular follow up schedule of ovarian carcinomas according to the S3-guideline on the diagnostics, therapy and follow-up of malignant ovarian tumors (17) .
Due to a low prevalence and poor prognosis, there is currently only limited knowledge regarding the clinical management of this aggressive tumor, which is associated with high mortality despite extensive surgery and adjuvant chemotherapy. BRCA1/BRCA2 mutation analysis in germline and tumor tissue may provide additional targeted therapeutic options, e.g., with PARP inhibitors.
